The transition from middle childhood into adolescence is marked by both increasing independence and also extensive change in the daily requirements of familial demands, social pressures, and academic achievement. To manage this increased complexity, children must develop the ability to use abstract rules that guide the choice of behavior across a range of circumstances. Here, we tested children through adults in a task that requires increasing levels of rule abstraction, while separately manipulating competition among alternatives in working memory. We found that age-related differences in rule-guided behavior can be explained in terms of improvement in rule abstraction, which we suggest involves a working memory updating mechanism. Furthermore, family socioeconomic status (SES) predicted change in rule-guided behavior, such that higher SES predicted better performance with development. We discuss these results within a working memory gating framework for abstract rule-guided behavior.
Introduction
Rules or policies (Badre, 2008; Botvinick, 2008; Bunge, Wendelken, Badre, & Wagner, 2004; Daw, Niv, & Dayan, 2006; Dayan, 2007; Sutton & Barto, 1998) specify the relationship between a context, an action, and an anticipated outcome. Consider the rule given to children: ''When indoors, speak in a soft voice, but outside, it is okay to shout''. In this example, a representation of the current context (indoor or outdoor) in working memory modulates how one should speak. Importantly, a rule can be more abstract to the degree that it determines a set of simpler rules. Extending our example, an older child may learn that the ''indoor/outdoor voice'' rule only applies when a caregiver is present. In this example, the context (''mom'') does not specify the appropriate level of speech but rather which class of rules relating the context to speech is currently appropriate. Sufficiently abstract rules of this sort support adaptive and flexible behavior across a range of circumstances. Here, we focus on the development of rule abstraction from middle childhood through adulthood.
In the lab, rule abstraction can be manipulated in terms of policy order. Consider a task in which one shape indicates one response and another shape a second response (Fig. 1) . Here, a single decision based on shape is required to choose a response, and so this task involves 1st order policy. Now, consider that we add a second rule set in which a blue object indicates one response and a red object indicates a second response. As the shape and color rule sets cannot govern responding simultaneously, an additional contextual cue must indicate which set is relevant. Mapping out these decisions results in a two tiered decision tree. Policy abstraction increases with the depth of this decision tree. Notably, the decisions at any level of policy are made more difficult by increasing 'competition', or the number of competing alternatives at a given branch
